Ligated dicobalt (III) heptamolybdate (CoL 6 ) 2 (Mo 7 O 24 ) multitransition-metal complex was prepared. This complex was deposited evenly on nano γ-alumina catalyst support. The partial reduction of cobalt (III)/ molybdate pre-catalyst was performed in a batch reactor with hydrogen gas at a pressure of 20 bars and temperature of 873 o K for 5 hours. The catalyst was characterized using FTIR, XRD, BET and TEM. The nano cobalt (III)/molybdenum catalyst was employed for hydrogenation reaction of carbon monoxide and carbon dioxide. The assessment of the catalyst was carried out at different temperature over a pressure range of 10-50 bars with various H 2 /CO ratios. This catalyst was found to be active, and stable for usage at high temperature and moderate pressure. The catalyst gave an excellent conversion of carbon monoxide to hydrocarbons (95%); it also converted 78% of carbon dioxide to carbon monoxide (73) and methane (5%). TEM image demonstrated catalyst has nearly spherical morphology with the average particle size of 46.86 nm.
Introduction
A unique feature of the chemistry of molybdenum is the formation of different polymolybdate acids and their salts. The polyacids of molybdenum and its related anions, which contain only molybdenum along with oxygen and hydrogen and anions, which contain one or two atoms of another element in addition to molybdenum [1] .
Molybdates (VI)
The tetrahedral orthomolybdate ion [MoO 4 ] 2 -is the main species in alkaline or neutral solutions [2] . Aveston et al. [3] studied using equilibrium ultra-centrifugation by potentiometric acidity measurements and Raman spectroscopy which proved that careful acidification of [3] . In the solutions with pH lower than 7, there is evidence from pH data for the following equilibria eq. 1-4 [4] : 
Methods

Catalyst Preparation
One over hundred mole of ammonium heptamolybdate (Merck) was dissolved in 200 mL of distilled water. The color of the solution was white. The nano γ-alumina powder (40 g) catalyst support was added to the solution. The solution was stirred by a high speed mechanical stirrer for 10 hours as heptamolybdate anion was adsorbed on the surface of nano γ-alumina particles.
Adsorption of complex heptamolybdate ions on nano γ-alumina is demonstrated in Eq.5.
(NH 4 The precatalyst was filtered and washed with distilled water to remove all ionic co-products. The precatalyst was insoluble and unreactive in water. Then the precatalyst was gently dried in an oven. The partial reduction of Co-Mo pre-catalyst was performed in a batch reactor with hydrogen gas at a pressure of 20 bars and temperature of 873 o K for 5 hours. During reduction, the color of the pre-catalyst changed from pale orange to dark black.
The following procedure for carbon monoxide and carbon dioxide hydrogenation reactions were followed for evaluation of nano-alumina supported Co-Mo catalyst: 10 g of the partially reduced catalyst was placed in the reactor. The reactor was allowed to equilibrate at desired temperature; carbon monoxide or carbon dioxide and hydrogen with a certain composition and pressure were injected, and then the stirring motor was turned on; after the selected time, the product was passed through a condenser to condense out the water vapor. Then the reactor's content was stored in the sample collector for gas chromatography analysis.
All products were analyzed by a gas chromatograph (Young Lin) equipped with 30 m Q and MS columns (for CO hydrogenation reactions carbosieve B column were used) and an HID detector. CO, H 2, CO 2 , and hydrocarbons were detected by GC and their respective mole fractions were calculated.
Reactor system
The catalyst evaluation was carried out in one liter volume stainless steel autoclave reactor. In gas and out gas lines were also made of 316 stainless steel tubing. This reactor was equipped with electrical heater, magnetic stirring motor, and magnetic stirrer. The temperature of the reactor was controlled by a thermocouple model F2M Scientific 240 temperature programmer (Hewlett Packard). The autoclave reactor was convenient to use at medium to high pressure 150 bars and at temperature up to 1000 o K.
Catalyst Characterization
Powder X-ray diffraction (XRD) pattern of freshly prepared nano Co-Mo/γ-Al 2 O 3 catalyst was demonstrated in Figure 1 . This pattern showed some peaks of Co appeared as CoO (2θ = 61. Transmission electron microscopy (TEM) was used to observe the morphology and particle size of the catalyst. TEM image of the catalyst was presented in Figure 2 . TEM image demonstrated Co-Mo/γ-Al 2 O 3 catalyst has nearly spherical morphology. The size of the particles varies from 24.59 nm and 71.65 nm. The average particle size was 46.86 nm.
The specific surface area of this catalyst was measured (95.19 m 2 /g). The measurement was carried out with the Brunauer-Emmett-Teller (BET) technique using a Quanta Chrome Quantasorb surface area analyzer (USA).
The potassium bromide disc infrared spectroscopy of unreduced nano Co-Mo/γ-alumina was obtained using Shimadzu, FTIR-4200 which indicated the presence of (NH 3 ) 6 
Results and Discussion
The conversion of carbon monoxide into a mixture of gaseous hydrocarbons can be made with high yield of CO conversion to hydrocarbons using the Co-Mo/γ-alumina nano catalyst with proper operating conditions. These operating conditions include pressure, temperature, carbon monoxide and hydrogen composition, and time of operation. Since, in the carbon monoxide conversion to hydrocarbons, the reaction leads to a smaller number of moles of products, at any temperature the hydrocarbon products increase with increasing pressure. The effect of pressure is demonstrated graphically in Figure 3 . The influence of temperature on hydrogenation of carbon monoxide was known as early as 1930. An increase in temperature of the reaction results in a greater yield in the production of hydrocarbons especially gaseous products. The threshold temperature of this catalyst appeared to be 423°K. Using this catalyst at a temperature of 573 °K, at a pressure of 35 bars (with CO: H2 = 1:4) 82 % of carbon monoxide converted into hydrocarbons at thirty minutes. When temperature lowered to of 473 °K at the same pressure and feed composition ratio; for one hour, 64 % of carbon monoxide converted into hydrocarbons, and after 24 hours 80 % conversion was recorded. Changing the feed composition from CO: H 2 = 1:4 to the hydrogen rich feed of CO: H 2 = 1:6, using the same catalyst with the same operating conditions, similar results were obtained. After one hour, 64% of carbon monoxide was converted into hydrocarbons, similar to the result of CO: H 2 = 1:4 ratios. But, after 24 hours more than 95 % of carbon monoxide reacted with hydrogen to produce hydrocarbons. This is an excellent yield of carbon monoxide conversion to hydrocarbons. The result for one hour reaction time indicated that increasing the concentration of hydrogen in the feed under similar conditions of pressure and temperature has no major effect in the rate of carbon monoxide conversion. This can be explained by a Langmuir type zero-order surface-selectivity effect [30] . In the long term, using hydrogen-rich feed, almost all carbon monoxide and carbon dioxide, from the water-gas shift reaction as a co-product, are converted into hydrocarbons. Reducing the concentration of hydrogen in the feed and changing the reactant ratio to CO:H 2 = 1:2 made hydrocarbons production reduced to 44 % for one hour and 65 % for 24 hours, with a concomitant increase in concentration of carbon dioxide, under the same operating conditions of temperature, pressure, and catalyst. The effects of feed composition on carbon monoxide conversion to products are demonstrated in Table 1 . Data obtained in the hydrogenation process of carbon monoxide is consistent with the following reactions (Eqs. 7 and 8):
nCO + 3nH 2 →Hydrocarbons + nH 2 O (7)
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The nano γ-Co/Mo catalyst showed a rapid conversion of carbon monoxide to hydrocarbons during the half an hour of reaction time. The carbon dioxide concentration increased with time, and then it decreased via water gas shift reaction. Consequently there was always some carbon monoxide detected in the product mixture. In these successive reactions the concentration of carbon dioxide approaches to almost zero with time. However, there is always a small percentage of carbon monoxide (5 % or less) detected in the products.
The activity of freshly prepared Co-Mo/γ-Al2O3 nano catalyst was also investigated for hydrogenation of carbon dioxide. The evaluation of this catalyst was carried out in the same batch reactor at a temperature of 823ok and at a pressure of 12 bars, with CO 2 : H 2 1:3 ratio. Using this catalyst, CO 2 was converted into CO (63%) and CH 4 less than 1% in twenty minutes of reaction time. After 10 hours, 87 % of CO 2 was converted into CO (%72) and CH 4 (15 %) at the same operation condition. The product distribution of CO 2 conversion with time is demonstrated in Figure 4 . The catalytic activity as a function of time at 873 K illustrates that most conversion of CO 2 to CO occurs within few minutes of early reaction time. It seems the reaction reaches close to its equilibrium condition in less than half an hour. At this time a product of 63 % CO and less than 1 % CH4 was observed. It shows the catalyst is very selective in conversion of CO 2 to CO in early reaction time. The production of CO and CH4 increased with an increase in time of reactor operation. After 5 hours, 72 % CO and 9%CH 4 was observed. Then the production of CO remained constant with time (equilibrium concentration), while the production of CH 4 increased up to 15 % after 10 hours. The CO 2 hydrogenation reactions are shown in Eqs 9 and 10.
The effect of temperature on the activity of Co-Mo nano catalyst system was also studied for hydrogenation of CO 2 . In half an hour reaction time, at a temperature of 573ok over a pressure of 12 bars, 6% CO2 was converted into CO and no CH 4 was detected. At the same operation condition, when temperature was raised to 973ok, 72% CO and 5%CH 4 was recorded. The effect of temperature on conversion of CO 2 to CO and CH 4 is depicted in Figure 5 .
In many synthesis processes involving carbon monoxide and carbon dioxide, working at high pressure often causes rapid deactivation of catalysts. Carbon (coke) deposition on the surface of catalyst is the main reason of catalyst deactivation; but it is also postulated that, at high pressure, carbon monoxide reacts with the transition metal, such as cobalt of the catalyst to form volatile carbonyl compounds, such as Co 2 (CO) 8 or HCo(CO) 4 which may leave the reactor with other products. In the Co-Mo catalyst, the transition metals are most likely bonded together through Co-Mo bonds, besides being bonded with remaining oxygen in the Co 2 Mo 7 metal clusters. The catalyst showed a small sign of deactivation in the above mentioned operation conditions, this may occurred due to hydrogen rich environment. This stability adds a great advantage for this catalyst which can be employed at high pressures up to 50 bars.
The FTIR spectrum and XRD pattern demonstrated a well distribution of Co-Mo metals on nano γ-alumina support. Transmission electron micrograph of freshly prepared catalyst and used catalyst were looked almost the same. No carbon deposition was observed on TEM of used catalyst; this could be due to hydrogen rich feed used in these catalytic reactions. Generally carbon deposits form during hydrogenation reaction of carbon dioxide, it seems, because of hydrogen rich environment (CO 2 :H 2 = 1:3) the amount of coke deposit was not enough to affect the catalytic activity at this operation condition. The deactivation appears only at very high surface coke coverage. In further study, the concentration of hydrogen in feed was reduced to CO 2 :H 2 = 1:1 ratio. After half an hour reaction time, at a pressure of 12 bar, and at a temperature of 573ok , less than 8% of carbon dioxide converted into products (CO %7 and CH 4 <1). At the same condition when temperature was raised up to 973 o k; about 49% of carbon dioxide was converted into products (CO 44.2% and CH 4 4.6%). The reaction compositions including CO 2 , CO, H 2 and CH 4 with temperature were demonstrated in Figure 6 .
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The optimum operating conditions for the Co-Mo nano catalyst can be summarized in the following way:
In carbon monoxide hydrogenation reaction: Results: After half an hour, the reactor contained 63% carbon monoxide and less than 1 % methane and after 10 hours, 73 % carbon monoxide and 15 % methane.
, 1967. P. 399-402. 
Conclusion
In general, catalyst selection depends upon activity, selectivity, useful life, strength, cost, etc. The surface modified Co (III)-Mo nano catalyst displays many of the above outlined characteristics. We conclude this catalyst is stable in carbon monoxide and carbon dioxide hydrogenation reactions at operating conditions of high pressure and temperature. Since there are worldwide interest in hydrocarbons production (Fischer-Tropsch reaction) and carbon dioxide utilization reactions to produce other chemicals and fuel; this catalyst has potential application to be used in industrial scale.
